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B A A B 25 S B O S v 2 T S5 BE I 7 AL AT 28 0 A BT BR DR A3 1, DL /b e TR AN TR BN 5 R R X o A b ik A 1Y
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Protective Effect of Buyang Huanwutang Against Spinal Cord Injury Based on
Ferroptosis Mediated by Nrf2/HO-1 Signaling Pathway
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[Abstract] Objective: To investigate the effects of Buyang Huanwutang (BYHWD) on ferroptosis-related proteins after spinal
cord injury (SCI) through nuclear factor erythroid 2-related factor 2 (Nrf2)/heme oxygenase-1 (HO-1) pathway-mediated ferroptosis,
and to elucidate the molecular mechanisms underlying the protective effects of BYHWD against SCI. Methods: Ninety-six SPF male
rats were randomly assigned to a sham-operated group, model group, sulforaphane (SFN) group, and BYHWD group. Except for the
sham-operated group, the SCI model at the T,-T,, segment was established using the modified Allen's method. The sham-operated and
model groups received normal saline (15 mL-kg"+d") by gavage, the BYHWD group received BYHWD decoction (14.9 g-kg'-d")
by gavage, and the SFN group received intraperitoneal injection of SEN (50 mg-kg'-d"). Following successful model establishment,
the corresponding treatments were administered for 7 or 14 days. After SCI induction and after 7 and 14 days of intervention, Basso Beattie
Bresnahan (BBB) locomotor scoring, inclined plane testing, hematoxylin-eosin (HE) staining, immunohistochemistry (IHC), enzyme-
linked immunosorbent assay (ELISA), Western blot, and real-time polymerase chain reaction (Real-time PCR) were performed to
evaluate hindlimb motor function, morphological changes of neurons in the anterior horn of the spinal cord, and the expression of proteins
and genes involved in the Nrf2/HO-1 ferroptosis signaling pathway. Results: (1) Compared with the sham-operated group, the model
groups showed significantly decreased BBB locomotor scores and inclined plane angles after 7 and 14 days of intervention (P<0.05).
Cellular structures were disrupted, nuclei were pyknotic, and most nucleoli and nuclear membranes disappeared. Tissue architecture
became disorganized, spinal cord cavities increased, and inflammatory cell infiltration was severe. The numbers of GAP-43- and NF200-
positive cells were significantly reduced ( P<0.05). Iron ion and malondialdehyde (MDA) levels were significantly increased (P<0.01),
whereas glutathione peroxidase 4 (GPX4), glutathione (GSH) , superoxide dismutase (SOD), and the protein and mRNA expression
levels of Nrf2 and HO-1 were significantly decreased (P<0.01). @ Compared with the model group, the SFN and BYHWD groups
exhibited significantly increased BBB locomotor scores and inclined plane angles at both time points (P<0.01). In both groups, cellular
structures were relatively intact, neuronal swelling was alleviated, and tissue cavitation and cell necrosis were reduced. The numbers
of GAP-43- and NF200-positive cells were significantly increased (P<0.05). After 7 days of intervention, the SFN group showed
significantly reduced iron ion levels and increased GPX4 levels (P<0.01), accompanied by significantly increased protein and mRNA
expression of Nrf2 and HO-1 (P<0.05,P<0.01). In the BYHWD group, changes in iron ion and GPX4 levels were not statistically
significant. The protein expression of Nrf2 and HO-1 and the mRNA expression of Nrf2 also showed no significant differences, whereas
HO-1 mRNA expression was significantly upregulated (P<0.05). After 14 days of intervention, both groups exhibited significantly
decreased iron ion and MDA levels (P<0.01), significantly increased GPX4, GSH, and SOD levels (P<0.01), and significantly elevated
protein and mRNA expression of Nrf2 and HO-1 (P<0.01). 3 Compared with the SFN group, the BYHWD group showed no significant
differences in BBB locomotor scores or inclined plane angles at either time point. Most neuronal intercellular spaces appeared normal,
with only a small number of neurons exhibiting irregular morphology, relatively intact structures, and mild swelling. Tissue cavitation
and cell necrosis were reduced. No significant differences were observed between the two groups in the numbers of GAP-43- and NF200-
positive cells or in the levels of iron ions, GPX4, GSH, SOD, and MDA at either time point. After 7 days of intervention, no significant
difference was found in Nrf2 protein expression, whereas HO-1 protein expression was significantly downregulated (P<0.05). After
14 days of intervention, the protein expression of both Nrf2 and HO-1 was significantly downregulated (P<0.05). Similarly, no significant
difference was observed in Nrf2 mRNA expression after 7 days of intervention, whereas HO-1 mRNA expression after 7 days and Nrf2
and HO-1 mRNA expression after 14 days were significantly downregulated ( P<0.05). Conclusion: BYHWD can regulate the Nrf2/
HO-1 signaling pathway and inhibit ferroptosis after SCI. It contributes to the improvement of hindlimb motor dysfunction and promotes
axonal regeneration of spinal neurons after SCI, which may represent one of the mechanisms underlying its protective effects against SCI.

[Keywords] spinal cord injury; ferroptosis; Buyang Huanwutang; nuclear factor E,-related factor 2; heme oxygenase-1
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REREAT A e 1 B R AT R 2BRER
G B R 2 040 (GBD) #E 47 A — I00 9 47 9 7 BfF
FEIR A FR, 2019 4F 2 ERA 2 060 J7 [ 95% AN 1 22 X [A]
(95%U1) 18.9~23.6]SCI & 3 , i & %% 91 54k 91 J7
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759 302 i, B B 191 66 374 B, 3 45 i 5K RE R AL
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2B B, i R T8 LB 405 B AR 4 2 A A
JfL, 3 1 A ) IO B A2 B, S B0UR BB i B 3R
B8, B HE 5T A R SRR PR R R AT gk R
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TCAF 4k & MR 5 S ), kL T RUE O,
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PN B T AIE PR A (ROS) M 4R ™. sCl k)R
R PN K I, 2T 20 R R R e AR
Rk VAR - RGN e N RS SR U AN
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2T A AL B 5 RN R RE B R, i A AR W AL il
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FE Y, 1M GSH . SOD Hl MDA # 1A 2 /& 8 Ak [ i
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2(Nrf2)/1fiL 21 2 I 42 it -1 (HO- 1) {5 5 3 [ 2 14 5 4%
FET I 56 B i 2 — 1 SRR bt 2 — FP N
R Y S B Sk A LB AL &, A PR .
Pt g Byt A AR VE L, PR Sh Nef2 1 383l 5, BT
HF WP AL 3L R, B Nef2 (19 £ 3k, B I ALE Y
PSR E FHYY BENEDICT 2515 BF 9% 3iF B SCI &
Az J ST 20 45 25 0T R B — o wh AR L BOR BOE
AL o6 A A A S 36 6 R 2 351

BT HEE R CEAR Y - T & )
UL AN BH IS A O R AR AT I
MR M BRI 2D, i 2 A A AN
IM3E 2% 2 5y, b 8 R it R ORBE R
AWy 5 R ZE R AN B B IR T SCI Y A &L

BT R AL AT I 5 K B, A BH I 3 38 i
il Wi 3L 20 ) 7R ih A R L AR A (mTOR) % 5 38 2% ml
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BRIET IR ph e A . B AN BHAE B
B2y, ik 120 g7, H A5 R 4MHIE H
1] 38 1 94 35 Nrf2/HO-1/GPX4 15 5 18 B LA 5% i 2%
FET, U TR BRUAG dle if 5450 o A A A IR BHE
ViR YT SCLA AL B 2 38 i 8 45 1 3R A0 O 53
P& SEILRY BT R ADE S, L T Nef2/HO-1 {7 53
B T b B 38 T X SCT K BB A 1) 4% 5 1~ 36 Al
FEAESZ W0, 48 7 Ho 45 R T DR B SCT iy 4 14
FHAL
1 ##
1.1 SCEshy) K4l SPF 4l SD Kl 96 H,
6~8 JA 1 | 1R 5t B 180~220 g, WA K [ S M K 2% 52 3
By bt Gl A L5 sh P rboe ) 1 ATIES SCXK
(7#)2022-0001. ¥ 96 5K L BEAL 45 , I3 N 1k
W3R 7 dJE WML BT R BB 4 | 3R A ot
ZH RN AN BH A FLim 4, BEAL 24 2,4 714 d 24
WA 12 2 RFARA AR A8, AT & B b
P H A R O R Allen's 3252V il #5 T, 17 B
SCI KRB . £ SL U0 s Wy ¥ F 4R J% 0 N % Lk
RO, A R TR
1.2 &3 SEH A OCHERAE J7 A ST R HOR
R T3 Fr SE B0 sh W) i 4R 1k R W) BT . B
TR AN K F B e 2 St di it zzu-
LAC20231027[01],
1.3 5 SEARmL e (g TR T AR R B R A A
BN A 4T 51 5 1 A2215032, 4l B >98%) , K
5l GPX4 il 1B fie 5 We BfF ) 2 ¥ (ELISA) il 5] & ( |
W Z WL T AE MR AR R A E] LS LV20958) 5 4
BR B Lt vk 0k (DU 35 B R AR W BB IRy
F PR w5 E-BC-K772-M) ; 2& [1 /& 2 % (BCA)
e R e N & (KR Gbs A H) L it S
G3522-3) ; MDA | if J5 4 GSH . SOD [t {2 32 il i &
(LA 3 B e A= W0 B B e A A3 BN &L L5 43
4 E-BC-K025-M , E-BC-K030-M , E-BC-K020-M) ;
KRBT B-WLBh 1 (B-actin) FL K (V175 26 B4
WFFE A7 BRZA B L35 IPVHO00010) 5 % 24T HO-1
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(%[ CST A w5 43966T) ; B 1 4 1k ¥y s
(HRP)FRICFED R I = RAEWHARAFRA A,
L5 A0208) ; S £ HT Nrf2 \HRP A id EHi /N R 9t
REPUAE KM KLE H-43(GAP-43) L it & 24
1 200(NF200) (5073 = J A= My 3 R A7 BRZA 7, 41t
54y % S 16396-1-AP. SA00001-1, 16971-1-AP,
18934-1-AP) .,
1.4 4% RM 2016 A5 5 0 B U1 A AL (7 =
Leica 2 #) ) ; Flexstation 3 % £ ) g B #5 {X ( 3¢ [H
Molecular Devices 23 7 ) ; HI-16KR %I 5 2 &5 5 ¥ v
B0 AL OB R AT A AR A A ) s BXS3 AL A ) 8 e
( H A AR B 7 28 &) ; WD-9413B BU 5 Jie 1% 4 #r
1. 0YY-6C A H Pk AL (b 5t A — (U #F A F] ) s ND-
100 %18 134 it 58 0 T D 43 56 06 B2 T (BT M oK B A%
F R A 5 VIlA-7 S 2% i B A il B X R
{8 . proFlex %I 2 & iy 4% = 5 v (PCR) § 14 % ( 3€ [+
ABI /A 7)) ; WIX-easyPRO4 %I & £ Ht, Pk 4l [ = o2
B (Lm0 A R 7 1, FW606 71 2 5 B (B 52
YIRS F]) ZH-ZYQ KL [ Hh ¥ R Bl 41 45 5 L 4T
dr d CEBOE AR S/ AR AH) .
2 FHik
2.1 SLE AW A A BH I R AR AR T
120g B0 6 g AT S g I E 3 g Hlp3 g 2048
3g Bk 3 g, AT 143 g, Lh 125 Wy ¥ vh T B 44 9 BH
[T S UL S N2 7 /S SR Rl i A= s il 1| B
LQ224250307.220106389 2303005, VT285241205
220210.23250309 .ZK233904, 25 X1 vk AT 24 Uil 4 &
BIFF G 2020 4F I b A N RS RTE 25 ) Bk . iy
FH A U880 2 A7 391 0F 5 19 I8 7 3 R 24 T v - B —
25 5 1045 25 Yy IR B 4l oK A BLZ5 040 vh 37
M 1~2 h, W S5 /D KRS 30 min, K 250008 T T
TN S 435 25 W PR BUAY 4l v oK, 52 1R O 9k PR R B 24
UE 2 . K 2 U I A RIR A B R DR Tk
JEASZE 100 mL, e 2R BT Wk E y 1.43 g-mL' 1Y
FBH IR K B . SER B RE S 10 i IR FL ) &
KR AT, o 0.1 g LAY T, 0.22 wm JE 2%
o 8 B 2 A
2.2 Sl SCI R BB AL RIRYZ SR B be 41 L £h
BH i 197 21 121 5k FH 4% S5 e Dok 175 5 JRR I, % e
R BRUA O R aE |, A R BRI AT R] B I, D R R
e TR BE R IOIR S o BRI ) ), 2% S 98 bt 4
JBR B, R R FE B D, R B R Allen's YAV &
To~T,, 17 Bt SCT AR R AL . UK B To~T,, N 0 1
Sem 9\ Y] O, VI R AL, B R T~T, HEA, 1%
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W o 9 R AE A, 7 8 B L SR 10 g A 2.5 cm
B VR R AT i Ty~ BRI A R T AR U R
Z AT A RE LSRR K b L B R T R, R
gr(n KAk B, KRR B B M WUR
JRC AR A [T 4 R b sl AR AT A S
AR RKREREPRG NG EE%E, HiE
WOkl HE T A R (10 000 U-kg'-d), 7 d.
23 HIWERZ B AR B G ob B 1) AN
By W RN AR i) ) 5 A5k R e B ) R A BH AR
F Ry 143 g-d”, BB E KORURY E E R R
12.73 mg kg I FRA AV FrEBFH 2 KT
PL10 mL-kg'-d" A= BEER K SF AR FRHE 1 5 40 PHAE 10
) Y5 A5 R I S T LA 12,73 g- kgt d R R 25 K BT TR
VE 5 S AL e 2 D) 45 3> Sk B e (50 mg kg dT)
A S A A 7 14 d 2 AL, B4 B T T
14d.
2.4 ZUEH AL REHL B 6 H R RRBOCHT fif A
BEALZL, R FH L3 R I 7 1 06 45 4 2 56 KRR A7 Rk
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K I SR BRI S mL, T A A B AR UK 300~
500 mL, 7 IfiL ¥ & 4 58 B, BA T, A 0 DTHC T em
T e B B 4H 20 5 BT IR e 5E RLR L R 10%
FHEEE T B VORL e R A, UTHC T om [ 2 19 F
REL 2,
2.5 WA bR B A I vk
2.5.1 BBBiz sh D REIT /0 K AR LR L R A
B 4K BT BBBPY AR B4y . R
FXCE Bl 7 W5 e 5%, B 344 . BBB 1T
gy FEALE KBS BT I s B R aE LR
TR 2032 S B, 0 43 W K BRL o8 AR L, 211 430 K
FRIE 1 21y, 43 5080 W)oK B2 2 g 1 By . Rl
TR+ LB R Ol 5 A Al 0 B A R K
T AR b, 88 I 32 7 B s A&t 9F K BRAE A S b
T84 5 s R Bl A, i 5% 45 21 K BT i il S A
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252 ThARE-BL(HE) Y 0 5 G g8 2 21k 2 K

HE e {0 . A 052 i 3 Ul MR V1A S um;
VIR 4 WK oK S B BRI 2T s Ak 95
AREWGE 1% 7R - L FE 51 oK Ve, BT g (o,
K R EE 2R K, T A I P
B e, 2 s S B R 45 X A
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(GAP-43 1:200,NF200 1:200)4 °C it 7% 5 ¥ , 6 hn
HRP Fric i K5700 BV A B — 40, ¢ & 35 0% L i om —
SR B (DAB) 52 /) WUk, AR R A T
Ve BEK B R O aE B T B A A A
PR SR A B H .

2.5.3  ELISA il ifi ¥ A 8k 25+ F1 #6641 21

GSH.SOD.MDA ., GPX4 ) £ ik 4L FEdh 4 °C
3000 r*min” .0 10 min( &0 242 15 cm, T[], B
i -80 CCHr R VR A . MR KUl B,
ELISA I 71| &5 #F 47 XU A J& 0o 125 46 I K2 88 s A AE
FE P Ab (B F 593 nm . GSH 405 nm, SOD
450 nm MDA 532 nm,GPX4 450 nm) & ] W 5t Ji&
A GHEAEREAR P & 4

2.5.4 50 B s (Western blot) 6 1) 5 i 2H
ZU 0 X Nrf2 \ HO-1 R (H &35 A H R R
30 mg B BELL LY, 16 UK LS S R AR, A S fi
W, =% IRA], 8.0 (12 000 r-min™, 5 min) , M & &
FIRE T SR B o Tl 5 A UK R L R LK A B
HREAMNGLZRMW MM (PVDF) | & 5%
JIi B 85 i) TBST 12 ¥ PVDF i, 2 IR ¥ FR B 2 h,
A —¥r s N =8 F WP (B-actin 1: 5 000, Nrf2
1:4 000, HO-1 1:1000) , % & J&5 Ve & & H EE &, N
A HRP #53C B0 (1:10 000) , % iR 48 PR EF 4] 2 h, 4%
s Ak 2 &6 (BCL) Wit 51, i LB, whe i A,
Mot e R, F S R, % F Tmage T34 WL 5E 4547 K
JEAE I 43 B 8 R A E I

2.5.5 SCAF 36 &E B PCR(Real-time PCR) £ i 4
B 41 41 45 X 8 Nrf2 . HO-1 ) mRNA 35 B
30 mg ¥ REA 2L, VK B 519, TRIzol 12 4 HURE A
RNA J 7 FEHe B, 30 % 5 i cDNA, DAt AR R 18
M L B PCR J W AR & , 17 Real-time PCR 437, & it
2 295 °C T AS 7 60 5395 °CAF 4 30 s, 60 °C iR &
455,72 °CHEA 15 s, 40 FF PR . AR 229k 5%
mRNA F X Rk it 519 ERVEY P E AL s
B RGEIF AR 1,

*1 5l9F3

Table 1 Primer sequences

2.5.6 GuilFAbFE iz ] SPSS 22.0 H A AH S B
HEAT 43 BT 5 1E 25 0 A0 2 1 B 1 D) Xbs 678 2 41 )
Bl A I A Ry 2 SRS H B R O 22 0
AT, 2R 1) 5 T L ¢ ) SR ) /s Jb 3 1k 2 59 (LSD)
K 56 AN 2 7 22 55, W 2R H Tamhane 72 53 #7 .
DL P<0.05 K 22 5 A 4 it 27 L
3 £R
3.1 MEHARBATEN SEFARLE, TH
7 dJ , BERL K BT B BBB iz 33T 4 1 3 AR
(P<0.01) , R i 50 1 A £ B b 35 AR (P<0.01) 5 5
R 2 Fb A, #D BH AR T 4 L 3R e 4 K RUR BB
BBB iz 5 143 i 3 TH 5 (P<0.01) , #H i 56 11 2 £
JE B S 1 K 5 SR B ot 4 B AR, I PR LT AR
FUN B BBB A2 2 0¥ 43 R 50 1R A B 2 22 5
Gt L
SRFEARLE, TH 14 d)5, BRI H KR T K
BBB iz &) 143 44 1. 3 RE AR (P<0.01) , &4z 2t 46 i 2
1 B2 0 FHREAR(P<0.01) 5 S BLA 2 L8, 40 BH IE 137
4 AR B B 41K BT BBB A2 s 1 4 B E T
(P<0.01) , AR 3 56 i A% £ 32 T Wb 346 K 5 15 S i o o
41 B AP BH A A 4K BUT B BBB iz i1 4 LRt
BRI R ) 2 RS E L, Wk 2,
F2 ANEIE F % K R RS R B B 8 1T R S 0
(x+s,n=9)

Table 2 Effect of Buyang Huanwutang on behavioral scores of

rats at different time points after modeling(x+s,n=9)

a1l 7 ik I BBBizhiEsr  AHR I iR
- /mg-kg'  /d 4y £ 150
BF A4l 7 19.89+0.93 57.45+1.79
14 20.22+0.97 54.44+2.99
T IR 2] 7 3.22+1.20” 14.73+1.82%
14 7.56+1.427 16.75+1.37%
ST AR ot 21 50 7 5.67£0.71Y  26.08+2.12%
14 15.33+1.50"  42.86+3.76"
BB THAL 12,73 7 5.33+0.87Y  24.37+1.05%
14 14.44+1.42% 41.46+1.65Y

519 JFHI(5"-3") K /bp

B-actin ¥ CACGATGGAGGGGCCGGACTCATC 240
T if TAAAGACCTCTATGCCAACACAGT

Nrf2 3% CCCATTGAGGGCTGTGAT 247
T TTGGCTGTGCTTTAGGTC

HO-1  EJif GCATGTCCCAGGATTTGTCC 192
T GGTTCTGCTTGTTTCGCTCT

W 5T AR Y P<0.05,2P<0.01 ; £ 241 1657 I 1] B fi] 15,
e 8 Y P<0.05, ¥ P<0.01; 55 3 BB b 20 34 97 e A it 1] A5, b ¥ p<
0.05(F%3-£7M[)

32 XA RRAERERA W ERE T,
14 d, BT AR 4L 22 T 240 iR 45 0 5 B PR B e 4 0 i
(] B 0E R R A R T AT, AR AL A K L U B
220U M o3 A1 5 158N 21 o 2 0 A0 i e i ™ B, A5 A
IR, 4 A [ 40, RO 0 A2 AT R IR Ok L 414G

.71.
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AL, A 22 5 i s R A7 70 R 58 P 20 R IR T 3
FRA b 4L T UL T 285 45 4 AH G TE R 0 B 28 T 4 L 20
JHE0 ) B AR AT R A K R 2D 4 2 R A A A

BT/ AR

~

A B TFARLL B AR CRAR R e 4L ; D. 4P AR FLy 4L (B 2 [7])
E1 #AFEHEFHAREHHRZEAMAARSENEZNE (HE, x400)

BH 32 37 41 AT L A0 I 25 AN RLIU | 5 g A X 52 B
i ik 65 B 10 i 22 O A D L 2 212 3 R 4 D O BE ik
o WK,

Fig. 1 Effect of Buyang Huanwutang on morphological of spinal cord nerve cells in rats (HE, x400)

3.3 NP AR 4 X dk GAP-43 \NF200 FH 1k 40 fifs %
IR SEFRALE, TH7d/E, BRY
GAP-43 FHM: 20 fl £ & F 93 (P<0.05) , NF200 FH 44
AR A 2 T (P<0.01) 3 S AR 2 L 55, 3 A Bt ot
ZH Kb BH A T 9% 0 GAP-43 [ 40 i % 1 B 2%
(P<0.01), P 41 NF200 FH 1 21 A %5 24 W] 2 | 9 (P<
0.05, P<0.01) ; 5 3 i i e 41 Lk 3, %0 BH & 1037 41
GAP-43 NF200 FH7E 4 i 80 22 S ¥ Jo e it 27 7
H5\FARA L, TH 14 dJ5 , B8 4 GAP-43
FF I 440 Bt %5 9 2 F 93 (P<0.05) , NF200 FH 1 24 it %%
3% T (P<0.01) ; 5 R4 L4, ST A e 41 L 4
FH if T 9 20 GAP-43 BH M 40 g 4 | 3% 8 (P<
0.01) , ¥ 21 NF200 PH ¥ 40 g % ¥ B 8 & 98 (P<
0.05) ; 55 €A B be 41 L 55, #b BH A #.9% 4H GAP-43 .
NF200 A4 i 8 22 s 8 gt #m o Wk 3.
#3 #PFHIE REFH KR GAP43,NF200 A 14 40 f & 5% B9 & 1@
(x+s,n=3)
Table 3 Effect of Buyang Huanwutang on expression of GAP43

and NF200 positive cells of rats (x+s,n=3) N

3 BB Affal GAP-43BHPEZN  NF200 BH 140

/mg- kg /d [liik3'e %
BFARAH 7 6.3+2.1 5.7+1.2
14 9.3+2.5 5.7+0.6
H5 TR0 2 7 0" 0”
14 0.7+0.6" 0.7+0.6%
SE MR e 21 50 7 10.3+2.5% 4.0+1.09
14 10.3£2.1% 4.7+£0.6"
BB A 12.73 7 9.3+0.6" 3.7+0.6%
14 11.0£2.0% 4.0+1.0°

3.4 XMETREETHES X GSH,
SOD MDA .GPX4 & & m  SH\FARHLE,
. 72 .

TW7 dJE , BERVAL IV T SR e B E T
(P<0.01) , 45 X 3ok 5 41 21 b GPX4 & &= i & FF
fIK(P<0.01) ; S HEAYZ L 55, i€ o 4L 1 ¥ v 8 2k
BT R ERRAL B XA RS 41 2 b GPX4
R 3 TE R (P<0.01) , &b BH A 7 41 1M 3 b Bk
T P X ECE R4 40D GPX4 Fr i E R
Gt X 5 3N o 4 E A, Ah BH AR T3 41 il
B PR T I X R B 4 24U GPX4 i 2
ST

SEF AL L, TH 14 dJ, B84 55 b
SR B AR X U RS A1 24U MDA & B T
5 (P<0.01) 41 £ IX &k 36 2H 21 h GPX4. GSH.,
SOD % H I # P& (P<0.01) ; 58 A 40 L %5 , FE il
Bt ot 4 I BH 348 037 41 1038 8 kB R X
B HE 4 2Uh MDA & i i 35 BEIK (P<0.01) (45 X
B 6 2 44 b GPX4 .GSH . SOD % # 8 # Jh i (P<
0.01) ; 55 3 A B o 201 L A, #h BH A 097 41 1 ¥ H 1
SRR S XS S 4 4 ) GPX4 . GSH .
SOD.MDA it Z R ¥ LGt E L. Wk4
s,
3.5 X BESLM X Nrf2, HO-1 19 25 11 36 3k 19 5% 1

SRFRA A, T 7 d i, A58 20 4 B 40 405 X

Nrf2 \HO-1 & [ ik ¥ 8 3 F 3 (P<0.01) ; 5 451 7Y
2L HR, SR i ot 4 B0 40 X Nrf2 \HO-1 8 (1 3%
KA EH(P<0.05,P<0.01) , b BH 8 10 17 21 5 6 1
BilX Nrf2 HO-1 IR EE R RGEIT¥E L. 5
SIE TR B ot 4 EL A, I PH A 0 3 21 6 B 46 403 1X 3% N2
FEHRKZER LG FE L, A HE 1% 4 HO-1
HHFRIBEW B TR (P<0.05).

S FARMA S, TH 14 dJ5, B84 Nrf2
HO-1 HH BB FE T M (P<0.01); SR
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x4 HPAEEFHARMEBERLEBSFESERBRGEBE T GPX4 2 BHFM (X+5,1=3)

Table 4 Effect of Buyang Huanwutang on serum total iron ions and contents of GPX4 in spinal cord injury area of rats (x+s,n=3)

20 51 Fl i /mg- kg Al /d SRS T /umol - L7 GPX4/ng-L"

i F AR 4l 7 32.739+4.792 1 163.152+183.686
14 31.683+3.956 1425.117+178.798

AT 2] 7 62.954+8.490% 379.915+36.986%
14 96.144+13.852” 273.090+70.611

Ao ot 2. 50 7 47.799+4.7559 639.396+61.263"
14 42.619+2.834" 755.331+46.075"

A BH A v 4 12.73 7 54.609+4.114 515.807+60.083
14 50.388+5.661" 615.002+93.966"

x5 HHEZXREFNIKRAEEES 14 dBF GSH.SOD.MDA & £H)

B (x+s,n=3)

Table 5 Effect of Buyang Huanwutang on serum total iron ions and contents of GPX4 in spinal cord injury area of rats at 14 days post

modeling (x+5,7=3)

2190 F4/mg - kg GSH/umol- g SOD/U*mg”’ MDA/pwmol- g™

e F A4 17.98+1.28 292.31+32.72 1.50+0.17

R4 3.97+0.37% 59.05+14.71% 5.96+0.43%

SR e 4L 50 12.32+0.91% 201.27+20.39% 2.85+0.26"

NP 7 A 12.73 11.06+0.84% 181.51+20.25% 2.51+0.27"

A = Q i’ 2N
B, SR B 58 40 Ab BH 3B 1 40 A BE 340 X Nrf2 | 74 wp o
HO-1EHFIE B E LI (P<0.01); 535 ARG b4 b
< " 28 kDa

B, BH I 97 48 BE B 0 X Nef2 \HO-1 2K [ %3k Berl
ﬂmﬁ?ﬂ%ﬂ(P<005)o y&%‘%é\@ 20 ﬁ-actin 42 kDa
6 HWETHEFMAREMARGE N2, HO- 1 BEAREHY 14d Nrf2 110 kDa
i (x+s,n=3) HO-1 28 kDa
Table 6 Effect of Buyang Huanwutang on protein expression of
Nrf2 and HO-1 in spinal cord injury area of rats (X+s,n=3) p-actin 42 kDa

F & [ -

A /m”gj-i” Htp /;Iargin /,:Sctlin
BT AR4H 7 0.76240.149  0.931+0.025
14 0.777£0.028  0.846+0.103
R 4] 7 0.353%0.033”  0.455+0.081”
14 0.223+0.078% 0.196+0.07>
ST ot 21 50 7 0.529£0.079%  0.728+0.109"
14 0.694+£0.065" 0.739+0.124"
AR AL 12,73 7 0.425£0.049  0.533+0.098"

14 0.487+0.047*% 0.529+0.102*%

3.6 XTHBEMA X B Nrf2 . HO-1 mRNA ik 15
M SERFARA R, TH 7 dJ5 AR 4 H 3540

ZH 41 Nrf2 \HO-1 mRNA £k & % F 4 (P<0.01) ;
AT 2] LR, 3 B e 4 R 4 40 41 4P N2
HO-1 mRNA % ik 8 % [ (P<0.01), %M BHiE 113
Z B 01407 412U Nef2 19 mRNA £k 2% 7 L4011

A B C D
B2 AREBEBRGERPNR2REHO-1EBMNRIZBK
Fig. 2 Electrophoresis of expression of Nrf2 and HO-1 proteins in

spinal cord injury tissues of rats

2 X, HO-1 ) mRNA B & 1, 22 % HA 4 it 2
B (P<0.05) ;5 3 AR B e 41 FL 55, 4 BHIA 1A 41F
W0 105 41 21 b Nrf2 19 mRNA %35 22 5 LR 5
X,HO—IE‘JmRNA%%L%ETﬁJ,?%EEﬁ%ﬁ%
= X (P<0.05),
HEFARL LK, TH14d)5, ffﬁ?ﬂéﬂ%%ﬁ%ﬁ
15 40 2 p Nrf2, HO-1 mRNA £ & B & T H (P<
0.01) ; 5B RVZH L85, SR AR e 4 %H%Ji/iﬂﬂﬁ
B 45 107 20 20 P Nrf2 J2 HO-1 mRNA %3k B % F
(P<0.01) ; 5 3 AR be 41 L3¢, 41 PHAE 1037 41 6 B 16
5 41 24 b Nrf2 . HO-1 mRNA £ ik W & F # (P<

0.05). Wz&7.
. 73 .
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R7 ARERFX KRS 55 X8 Nrf2, HO-1 mRNA RiAH)
B (x+s,n=3)
Table 7 Effect of Buyang Huanwutang on mRNA expression of

Nrf2 and HO-1 in spinal cord injury area of rats (x+s,n=3)

=] =
413 i L B Nrf2 HO-1
/mg-kg
BRFARA 7 2.120+0.206 2.201+0.260
14 2.067+0.224  2.140+0.266
R 241 7 0.810+0.084%  0.652+0.065%
14 0.602+0.063%  0.485+0.048%
S A B e 4L 50 7 1.204+0.145"  1.420+0.148"

14 1.723+0.172"  1.584+0.177%
HPHAE HAmAL 12.73 7

14 1.405+0.152*% 1.282+0.149*%

1.022+0.111 1.034+0.113>

4 itig

SCI & — Filt B K P 9 v A pp 22 ME N 107, &5 5 3
o) I i | S B o R 2y 4 R N E I TR = I S ]
PR B Z A AL IR YT Ok BB — A e R
B ) RS0 SR, 4k Kk SCT A — 2 Y 1T i 1 5
THUME, HAERAET- 25 T 4 & 1 SCT R A B B it
P, 56T Qo] 9 45 R S8 T3k — o B AR Bk A
R T SCIA A & T B2, Wk, i i Bk AE 114
P4k & PE SCIIIR YT T BE T RE 2 4 F /B 3 10 i ik iz
BYIREIR A, B8 R R AR T A

SCILH & T H B “ 1 " IR ™ 1Y i W o (R A -
FERIR) B AP M A a0 S
fi b AW, 24 LIRS " s (48 - 1 e ) 2K 2B ik
B BT IRz, TER, EEXIG, AR T
"o A2 S B K E AT — 2, HOm IR A
AR5 SCTAL™ . X F SCIHE M & 2277,
NN BEIE F B K, DA 28 AT I, 3 4% R BE
FIRIT K. AR B A T - B AR IE T
CEEMRERS - T 46 - MR ), EE RO #5336 1L
4%, HAE IR YT IR A e M B R R T BRI
YEH o

SCI 5 kAL T2 % P AH O , 75 SCI 21 01 5 6 N
Ko R L, 27 40 5 A 0 T & AR v L, Bkt
2NN R I 5 5 7 AR K ROS, S 3O A2 BRI 1Y
LPO,MDA /& iZid f2 (1) E B =9, e AL, 518
F ARG A, i 14 d 5 BSR4 5 F X MDA
S B U W] AR R, B R A Xk A
TRRIET-Y . VRS AR R A SR
#D BH 38 T3 a] 3 1 0 7 GPX4/ACSL4 il LA i 4%
FET, HAL AL s GPX4 i A X 26 35, w2 ik

. 74 .

AL NG 7 R & R ACSL4 AH XS 223k , A4 6 4H
UK & i, W0 Ak IR I U AR X R 28 T R
B 00 2 R R A5 o ) B TR AR A i e ot /) R ASE 7Y
R B, b BH A 7 38 o B G 41 2L GPX4 B
I mRNA ik, BEAR S B K7, sl g o 4
A, F5c 2638 3 4 ) 28 O 4 B8 T R T R HE T R 1T
3 BV

VR TR BB T & AR i AR P B R e R
RLOIESMMERI LS EAZER1G G EH#EA
i, b 4 A T A A S B L R B 3 0
Fe''if il Fe*', M &8 & T2 E A 1k Fe
e WA B iz B 40 J R, B B — > AN B I R
R IR AR RS B R B M B
3R A SRR N AR T T B, Bl R R R R A
2B 2R M1k ROS B9 A= iU AT 2, i1 5 2 LPO
S a A

o 42 R /45 B IR 00 1) 38 B R — Rl R R
R BRI ) i da A % 5 35 R BN D R L HE
WA R, A GSH ™ . 4 ROS IR F5 R 285 F g it
A g 22 A A i T B L AR Y 0 B Bk 5 3 GSH
M 1) B 0T 2o AE AL W1 B2 R B 2 450, Tl o e 2R
T B GSH K" . GSH ol # il LPO, ¥ bk A
36, ) GPX4 R Y ™ . GPX41E N —Fhdi &k
F R BRAE T & AR Y O B R 4 DR, R A T R A
FEM A A B vk 0y wE IR A i 4 1k ¥ (PL-PUFA-
OOH) it J5t i JC 7 WY B S (L-OH) , & 31| BH Wt i Jot o
Ak S I N R BT T & A BAE L A R A
AR FE T A T B HE Y, GPX4 R GSH B ] 4 il
LPO"™, GSH 7K - B K 5 3 GPX4 1 PEREAR , 2 1M
F3 SOD T K MDA ¥/l , 11 GPX4 F F 1k i ik
Ji B I TG 125 K i B e AR A A AR et e 4 S B4 i
BRIET- . ALIM ZECC0F 58 & B GPX4 K GSH £ X T
W R BRI T4 by K A M, 118 GPX4 F1 GSH
1) 2% 15 00 AT DAAE — 2 B B B0k BE T ERIE T 1
W L. ARG R, HEA A LA, #h FH IS
% Tl 14 d J5 SCI K B #6 41 211 GPX4.GSH.
SOD & f i 3 b, BBk B % ik i PR AN, A
BHYIREA FTIRE . A S 45 0 5 DU 52 56 45 )
— % 3 B b BH AR T3 AT LA SE S B Ak ST T
KAEA SCTHIEH -

Nrf2 2 il P4 52 &8 $7 5% (CNC-bZip) 5% 5t H 1
FG LA, B A PR N 3 LR A0 i A
38 KT 5 i 25 SR AR N SO N T, GPX4 S H T i
HEHEZ =" BEKMAET  Nef2 5 H AR S M2k
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Kelch # ECH fH ¢ 8 H 1 (Keapl) 45 & . Nrf2 7F 52
)0 Rl 2 )5, W ROS 184 Keapl 11
I AR R A, Nrf2 B I R 2 , 5 Keapl fff 55 I1- 75
IEA AN A% 55 708 LT T B 2T 4 1A 98 (sMAF) 8 L 2
— I B A, 45 A B A Ak ) T (ARE) 3% Maf
AT (MARE) LU 32F 22 50 40 i 48 4 1 A bt
AL R Rk AR S 3 H R UE AL HO-1.
NQO!1 1 SOD 4§ #H 3¢ 4 Ma By 1| J& A /Y &% 5% 5
SR AT F S — B A b bk, 2 1M 2T 2R 1R
CTAR 1 A0 6 35 0 S 1 R Ay, AR =
TR HA PR AL MBr T #. HO-1
S I 21 AR A PR L Nef2 98 5 R 5 Bk A8 T A
K JTIZAAAE THAMPUE Z b 78 SCLAME I H &
KB TE, AR ROS B IR 7, 075 A Ak I i
FRE, 3 fif 4128 7= AR ARG 31 R T A
i, B 5 K R B A PE T, RIS HO-1 77 4 1 — &
ARl T U AR P B AF G AR 4538 B, DA T X R E T
FEA AR Y . YANG 251235 76 2 1 B bt i
il Nrf2/HO-1 15 5 38 [ , # 57 RSL3 i S MR AE T,
I A BB Y v 75 B 1 — 25 UE 52, 16 B Nrf2/HO-1
e AR BRAE T 0 OC B % . GE 45Vl F B Xt Nrf2/
HO-1 Hil GPX4 {5 & i fg 17 I8 ¥ , $& /= T GPX4.
SOD 1 GSH 1 & & , B4k T MDA Hl ROS [ 7K °F-,
[Fi) B T 32 403 ok i B A8 AR B AR T 40 IR 7
MK R R T ARG . ZHANG % fili
NS AT Rg % SCIR RFAT T, HE5 R EHAS
AT R, W] AE SR o 97 T Nrf2/HO-1 {5 5 38 1 & 4%
P A AR N RN BE 28 %00, WX PR 4 SCT R 32 473 1)
B HE L IR T R 1 2 Sh T RE RS . RS
B 3 B, A 45 Nrf2/HO- 13 1 5 A 5T & A6 B 380 1
PUR AWHIERIE T 01, o748 B2 A B A | el st
13 J5 0932 B D Rg o [) B of JE Ath 455 760 (34 4 56 52 56
Al A2 E Nrf2/HO- 13 B 0T 8RS8 12 5 pl 28 400 47 1) o 22
PE, CHEN %5 fiff 5% W82 31, X K fini o 2 ik 4] %€ 13- 7
T /N BB Y 9F A7 K 50 T 00 ) 580 T 9, 9540 Mk 4 21
Hl Nrf2 \JHO-1 mRNA 7KV Fl 8 (1 1k 35 52 &,
T A M A BT TR R M 28 T RE A 40, 0 o] e o
RS 1R Y A2 5T R b Az 05 I A 4 b 1 R4
L 38 B R R 4 RE R A A S B UE B T HLZG )
S 3 o Nrf2 3 i & F R AR Y o x4 45 5E i
1A A 528 BF 5% % B, 3l 3T Nrf2/HO-1/xCT/GPX4 il
JRAE T R B, Al i 2 34 5 T 48010 3k R Y 3R 58 R0 41 it
B0 S8 AL BE 0, ol 2 XoF e 2 200 A 403 403 A /0 2 e T
AL BRFE T, Fie 28 X Hh AR B 48 R G0 AR M AR Tk

RIE—EIRITIE .

FEARMEIEH, SR AL R, T 107 dJ5 40 BH A
TV H A B 20 20 P Nrf2  HO-1 B9 85 11 2% 35 F Nrf2
mRNA %3k 22 5 4T 2% & L ,HO-1 mRNA #£ik
W& bR 14 d s, #b BH & 97 4H Nrf2 \HO-1
B HE R I T mRNA RE Y B3 FiE, a5 RS b
TR S0 AR — B U B R B I T 6 i A 42
21 B K A6 T A T A R SCT M8 =4 L T fig 2
i i R Nrf2 \HO-1 {5 5 38 6 117 58 30 Y, & 42 I AR
FH i B AR ] i 25 S5 A i — AP AR OE .

P22 Tl 5 S A% 3 AR W AR 5 0 2 A G 4,
HRE R R Tk E WL B E Y, REURE i)
RE Tk 58 A, AR Th X b 28 2 g8 B AT 54
FURT IR PE B SCLJE 1Y T PR 58 25 5 % H: A= 38 oA
RIS W 47480 AT S e R S R A R G BRI TR
DA E 0 28 TCFE2E . NF200 & — 48 10 P 20 fitg - 242
B, B YR 2 SRR E W T RE R A R 58
EBELEMEAY . GAP-43 R —MEME LR T
M &AL b SRR EMBETEN .25 TH
ZE A R b F A AN T AR S i AC T RE S R A
KXREY, Rz e g0 R HEEA . Rk
H1,NF200 .1 GAP-43 LIAE A iz el 58 P A= I pf 42
IV F=RIUR i i = = 1 1 s 2 S S PN K i e
ZeoU RN IV AR e R AN S 86 2 B A IR
JZ 8] 78 5t 1 40 1t ok Y ) 20 i A 22 93 (EMSC-E Vs ) fiE
HEAN 8 57 J5 GAP-43 A1 NF200 (1 8 1l mRNA #
ik, HET AR S SCE #2528 1 B A FAP . ¥ 5
TR A5 R N LG, e B R v 25 SR U )1 R
K B BE A5 1 1A NF200 25 [ 23k, i 28 o0 il 28 (14 Pk
SERFEAE , T Bl 54T 2= A BUB S 450 . 78
ARSI, SRR A, TR 7,14 dJE AR IR
21 e 6 (2 0F 5 6 20 41 NF200 . GAP-43 BH M 41 Jifs
FEIk O PP 2 o0 A0 25 A TE S R AR R IRE B T
fiE BUPK A, F I T AT B BH A FL 3% % SCT R BR A 28 0t
20 it g 5 1) PR A B BUAE .

AW A R Z A AE T R O 3R R ALK
Nrf2 .\ HO-1 # 4T T Western blot il Real-time PCR i
M, R VEAT b P2 A AR K I , %) GPX4 oK i 4T Western
blot F1 G 28 21 Ak 4G 5 A6 00 4 A5 AN A2, A X AH G 48 B
W ACSL4 SLCTA1L 4K B F#E A7 R I, Ji5 2 4 i
— R R A L ] I 3 15 M o [ 8 % e
Ii] IF & S 56 LAAH B TIE .

25 I kb PH A 3 AT 3 o 98 #52 Nrf2/HO-1
155 5 30 60 ) L3 b R A RS e 4 2

. 75 .
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GPX4 .GSH.SOD Nrf2 HO-1 ik, F i MDA
F235 A2 #E GAP-43 \NF200 i BH 1 48 i 22 1 , 2l 56
25 0 40 L o5 B 2 25 A T 2, B T A R BE T AR
P22 0 5% B A e ek T Bz B T g B AL 3R] g
JE AN BH A T R SCTEIAE ML 2 — .
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